Heavy metal contamination is considered one of the most important problems for the environment and human health because heavy metals are pollutants that cannot be degraded to nontoxic forms [1] . Among the toxic metal contaminants, lead (Pb) pollution can occur from mining and smelting activities, Pb-containing paints, gasoline, and explosives, as well as from the disposal of municipal sewage sludges enriched with Pb [2, 3] . When the soil is lead-contaminated, plants take up lead via their root systems [4] . Pb is known as one of the nonessential metals for plants, and there are a number of reports on its toxic effects such as decreasing on germination rate, growth, and dry mass of roots and shoots [5] reduction in cell division [6] , and inhibition of photosynthetic activity besides its genotoxic [3] and epigenetic effects [7, 8] . The genotoxic effect of Pb on plants has been shown by using various genotoxic tests such as comet, micronucleus, or chromosome aberration assays in several studies [6, 9] . However, little is known about the effects of lead on DNA methylation changes in plants. Few papers have shown that DNA hyperPol. J. Environ. Stud. Vol. 23, No. 6 (2014), 1925-1932 Original Research 
metylation in wheat can occur via Pb treatment [7, 8] . Pb effect on DNA methylation still needs more research. As an epigenetic mechanism, DNA methylation plays an important role in regulating gene expression in plants and in regulating the activity of transposable elements [10] and in paramutation [11] [12] [13] . DNA methylation in specific gene expression patterns under epigenetic control are reversible and may show transgenerational inheritance [14, 15] . Epigenetic control for plant adaptation under stress is vital and necessary. DNA methylation exists in virtually all organisms. In eukaryotes (especially methylation) it occurs predominantly on the cytosine residues in symmetrical sequences, such as CpG and CpNpG. Under normal conditions, the ratio of methylated to total cytosines varies from 20% to 30% in plants [16] . Cytosine methylation is numerous polymorphisms and DNA sequence polymorphisms between different plant genotypes [17, 18] . Additionally, plant growth regulators response protect plants against DNA methylation and oxidative stress generated by different stress. Several recent studies have shown that their levels change significantly in plants under a variety of stress conditions including water, salt, temperature, heavy metal, and viral infection [4, 19, 20] . Thus, in the current study we aimed to determine the genotoxic potential of lead and its epigenetic effects on maize seedlings by using the RAPD, mitotic index, and CRED-RA techniques. Furthermore, the relations among genetic-epigenetic and physiological parameters were also determined by measuring the changes in total soluble protein content and phytohormones levels.
Materials and Methods

Plant Material, Inclusion of Lead Sulfate and Germination
Zea mays L. seeds were obtained from the Department of Field Crops, Faculty of Agriculture, Ataturk University (Turkey), and were used in this study as plant material. Seeds were surface-sterilized with 0.5% sodium hypochlorite solution for 10 min and then washed with sterilized water three times. 15 seeds in four replications were placed in 15 cm diameter sterile petri dish with two layers of filter paper and then treated with different lead sulfate (PbSO 4 ) concentrations (5, 10, 20, 40 mM). Tap water was used as control group. The seeds were allowed to germinate at 25±1ºC and 50% humidity in a 16 h photoperiod.
Cytological Analysis
When root length reached approximately 1.5-2 cm, ten root tips (2-3 mm) in each treatment group were excised and transferred to colchicine solution (0.15%) for 2 h and fixed in farmer's solution (3:1; 95% ethanol:glacial acetic acid) for 24 h at 4ºC. Root tips were then hydrolyzed with 1 N HCL for 15 min at 60ºC. For the observation of cell division, root tips were stained with 2% aceto-orcein staining for 2-3 h and then squashed in 45% glacial acetic acid.
To determine the effect of lead on mitotic index (MI), 3 slides were examined for each treatment and were counted 1500 cell. MI was calculated as the ratio of the number of dividing cells to the total number of cells.
Total Protein Content and SDS-PAGE
Quantitative estimation of total protein in the ground tissue of roots, shoots, and leaf systems of Z. mays L. seedlings were estimated according to [21] . For protein analysis with SDS-PAGE, protein isolation and purification were carried out as described by [22, 23] . Polypeptides of proteins were separated in 12.5% SDS-polyacrylamide gel (PAGE) at 110 V [24] . The gel was stained with Coomassie brilliant blue.
Phytohormones Analysis
Cytokinins (t-Zeatin), indole-3-acetic acide (IAA), gibberellic acid (GA), and abscisic acid were analyzed as described by [21, [25] [26] [27] , with minor modifications.
Genomic DNA Isolation, RAPD, and CRED-RA Analysis
Leaves were randomly collected from 10 plants for each treatment and were stored at -80ºC. DNA isolation and purification were carried out as described by [29] . 16 primers were used in RAPD PCR reactions. Sequences RAPD-PCR reaction contained 25 ng genomic DNA, 400 µM dNTP, 10 pmol primer, 2.5 mM MgCl 2 , 1 U Taq DNA polymerase, and 1X PCR buffer (10X) in a total volume of 20 µL. DNA amplification was carried out in a thermocycler programmed as follows: 1 cycle of 5 min at 95ºC, 42 cycles of (1 min at 94ºC, 1 min at 36ºC, and 2 min at 72ºC), 1 cycle of 15 min at 72ºC. PCR products were analyzed using 1% agarose gel electrophoresis and visualized with ethidium bromide staining. The sizes of the fragments were estimated based on a DNA ladder of 100 bp.
A genomic DNA sample from each treatment was separately digested with HpaII and MspI endonucleases (which cut the sequence 5'-C/CGG-3' with different sensitivity to cytosine methylation; MspI cuts if the inner C is methylated, whereas HpaII cannot cleave in the presence of methyl groups). After checking digestion on agarose gel, 1µl of each digestion product were amplified with random primers (OPA-1, OPA-2, OPH-18, OPY-6, OPY-15, OPW-1, OPB-8, and OPH-17). Amplification and visualization conditions for CRED-RA are the same as described for RAPD analysis.
RAPD patterns were evaluated using the Total Lab TL120 computer software. Genomic template stability (GTS, %) was calculated as follows:
...where a in formula is the average number of polymorphic bands detected in each treated sample, and n is the number of total bands in the control. Polymorphisms in RAPD profiles included the disappearance of a normal band and appearance of a new band compared with the control. The average was calculated for each experimental group. To compare the sensitivity of each parameter, changes in these values were calculated as a percentage of their control (set to 100%). The average number of polymorphisms (%) was calculated for each dose to realize CRED-RA analysis. To calculate the number of polymorphisms (%), the following formula was used 100 × a/n.
Statistical Analysis
Mitotic index, total protein content, and phytohormone content were tested using SPSS statistical according to complete random design, and mean separation was performed by Duncan's multiple test at 0.05 level.
Results
Changes of Mitotic Index (MI) Value in Maize Seedlings Subjected to Various Pb Concentrations
Pb decreased significantly the MI of Zea mays root meristems when compared with control as seen in Table 1 , and the mitotic index decreased progressively with increasing Pb concentration. Such a decrease was found to be statistically significant (P<0.05). All concentrations of Pb used in this study increased the frequencies of abnormalities such as C-mitosis, chromosomal stickiness, and anaphase and telophase bridges involving one or more chromosome micronuclei and fragments.
Total Protein Content
All concentrations of Pb affected the total proteins, and the protein content decreased with increasing Pb concentrations at a statistically significant level (P<0.05) ( Table 1) . Also, the proteins obtained from the seedlings of maize treated with different concentrations of Pb were investigated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The results showed that little changes are available in the total protein band pattern. These changes are only characterized by variation in band intensity (Fig. 1) .
RAPD Analysis
In total, 40 10-mer priming oligonucleotides were used in RAPD and 16 of them were selected for their stable results and produced the total number of 512 bands. Table  2 represents the summary of all polymorphic bands in RAPD profile and Fig. 2 presents all RAPD bands of the select 4 primers. Compared with the PCR products obtained from the control DNA, Pb treatments resulted in apparent changes in RAPD patterns. These changes are characterized by variation in band intensity, loss of normal bands, or appearance of new bands (Table 2 and Fig. 2 ). 
CRED-RA Analysis
For CRED-RA analysis only eight oligonucleotide (OPA-1, OPA-2, OPW-1, OPY-6, OPB-8, OPY-15, OPH-17, OPH-18) products used for RAPD analyzing gave specific and stable bands (Fig. 3) (Table 3) .
Changes of Pytohormone levels in Maize Seedling Subjected to Various Pb Concentrations
The alterations of pytohormone level maize seedlings are presented in Table 1 . ABA content in seedlings increased noticeably (P ≤ 0.05) compared with the control plant, let alone the increase of Pb concentrations following 7 days as seen in Table 1 . On the other hand, Z, GA, and IAA content decreased with the increased concentrations of Pb compared with the control seedlings (P ≤ 0.05). These results were also in a clear dose-dependent manner.
Discussion
Some research has determined that contamination with Pb reduces MI activity and causes mitosis abnormalities such as C-mitosis, chromosomal stickiness, anaphase, and telophase bridges involving one or more chromosome micronuclei and fragments in plant species [6, 9] . The inhibition of mitotic activity and production of several aberrations caused by Pb treatment have been explained as being the effect of the treatment on DNA synthesis and its action as an enzymatic inhibitor of the enzyme system required for the chain reaction of DNA synthesis. Our results revealed that Pb treatment causes an increase in chromosomal aberration frequencies and a decrease in MI levels. Besides, our study used RAPD for evaluation of genotoxic effects of Pb. Recently, DNA fingerprinting has offered a useful biomarker assay in genotoxicity [30] . It is suggested that after proper optimization, especially the RAPD as a reliable, sensitive, and reproducible assay, has the potential to detect a wide range of DNA damage (e.g. DNA adducts, DNA breakage) as well as mutations (point mutations and large rearrangements) and therefore can be applied to genotoxicity and carcinogenesis studies [31] . Our results showed that all concentrations of Pb caused RAPD profile changes. RAPD profile changes can induce a range of DNA damage such as single and double-strand breaks, DNA-protein cross-links, point and deletion mutations, 8-hydroxyguanine, even bulky adducts, complex chromosomal rearrangements and homologous recombinations [32] . In a previous study, similar results have also been obtained [3] . A decreasing GTS value, regarded as an indication of the RAPD profile changes, has been observed with increasing Pb concentrations. Previous studies have shown GTS value decreasing the induced effect of genotoxins [3, [33] [34] [35] .
In addition to genetic damage via both oxidative and nonoxidative (DNA adducts) mechanisms, metals can also cause significant changes in DNA methylation and histone modifications, leading to epigenetic silencing or reactivation of gene expression. Recently, several studies have shown that the same heavy metals such as Cd, Pb, Co, Ni, and Zn cause changes in DNA methylation. Ge et al. have shown that Pb contamination caused DNA hypermethylation in rice and wheat [7] . These findings are in accordance with our results. Besides, higher concentrations of Pb have demonstrated that it causes DNA hypomethylation by decreasing DNA methyltransferases, DNMT1, and DNMT3A, reduction in post translationally modified histones such as H3K9ac, H4K8ac, H4K12ac, and H3K4me2 in adult primates [36] .
In addition, we investigated the adverse effects of Pb on maize seedlings using protein analysis. The results demonstrated that all concentrations of Pb have significantly changed the protein patterns of the seedlings when compared with control as seen in Table 1 . Such a decrease was found to be statistically significant (p < 0.05). Results of protein electrophoresis showed that there was a change in the profiles of protein bands. Changes in protein band profiles may cause point mutations, genetic and chromosomal rearrangements, deletion, insertions, and methylation in DNA. Also, a decrease in total protein levels can be suggested as one of the mechanisms for their genotoxic effects in a cell. On the other hand, the total soluble protein content of root tips of maize seedlings (as an important indicator of reversible or irreversible changes in the epigenetic mechanism), exhibited a positive correlation with Pb concentrations.
In this study, the effects of Pb on phytohormones levels also has been reported. Our results showed that Pb caused a decrease in GA, Z, and IAA levels and an increase in ABA in maize seedlings. The degree of these effects was mostly dependent on the concentration of Pb. GAs, Z, and IAA stimulate growth in plants. These phytohormones are synthesized in unstressed conditions and their effects cause growth events in plants. In contrast, ABA is growth inhibitory and it has been well known as a "stress hormone" in plants. This means that the synthesis of ABA increases especially during stress conditions in the leaves, and it moves to all plant parts to inhibit growth and protect the plant against biotic and abiotic stresses. That is why we think that the levels of phytohormones stimulating growth (GA, Z, and IAA) decreased while ABA synthesis increased in the seedlings. It has been reported that ABA encourages activity of the alternative respiration pathway, which is related to preventing the formation of reactive oxygen species (ROS) in plants [37] . The ROS levels increase in any stress conditions and cause oxidative stress. In this situation, it is possible to say that ABA synthesis increases to reduce oxidative damage in plants. In addition it has been well known that ABA causes synthesis of some new protein types, inhibits some proteins, and also increases and decreases the synthesis of some proteins that synthesize under stress conditions in plant cells [33, 38, 39] . This means that ABA may play a role in the change of the gene expression model by epigenetic mechanisms in plants. These findings are in accordance with DNA methylation results, but more information on molecular mechanisms of the role of DNA methylation of ABA in plants is needed.
In summary, when we put together the all results, we may say that Pb has a genotoxic effect and causes DNA hypermethylation in corn seedlings. RAPD and CRED-RA methods can be used as a useful investigational tool for genetic and epigenetic changes inducing genomic alterations. Because of the stress, the synthesis of ABA increases while GA, Z, and IAA levels decrease to protect against damages to Pb stress in corn seedlings.
